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Abstract Data Type

« CLU [Liskov 1977]
- BZHBZEDITE
- ZTDROEIZHLTERATREEE#RZTER
« TNHLDOEBLSMIERA ]

typedef int point[2];

int getX(point p) { return point[0]; }
void rmove(point p, int dx, int dy) {
p[O] += dx; p[1] += dy: }



Object

 Simula, Smalltalk, CLOS, C++, Self, ...
— Dynamic dispatch

« LA ERTRBE R (AU Uk) [
TR EITRELOTILNS,, BTIEALY,

— Inheritance
« A—FDOBHA (ENEE)
« GUI 5473 killer app.



Multiple Inheritance

« FHLHFAH !
—-BFHOHEDEAEHLETERINDISRZTTE
— RETBRAGHLE?

name(){ return "A"; }

— 2FRLP HVIGEL M
Class A name(){ return

name(){ return g /“\ %me() +'C": }

A::name() +"B"; } Class B Class C

N

ClaSS D 75Z B t D O)FEﬁ(:
name(){ return 95X EBNEAINI=5?
B::name() + C::name() +"D"; } 5




Mixin

¢« 5K
~-BHDORIUSRAEELD
« Or E—D#HMUF A +EE mixin
« Mixin [& instance Z{EN %0y
—BEHOBV AT RESN TE—H K
« WARZFZRAIIESTFE

Class A Class A

AN —

Class B Class C ‘ Class B \

\/' /Cla'ssC

Class D Class D




FelFE DH

* name()
— super.name() D E kA EAE

name(){ return
super.name()

+\\ B"; } g

name(){ return "A"; }

_——

Class A

hame(){ return
super.name() +"C"; }

Class B Class (,é

N

name(){ return

super.name() +'D"; }

F Class D




Mixin DFFHER =

get() {
o H 7:’( return getX(); }
* mixin h\b%d)%ﬁd))“/ JF’E”—Z’\% |

TX() { ; } Mixin C
ge return xpos; /
— *ﬁ’;&d) mixin Fﬁﬁ—G::f'}_fL,b'd—l,\ Class B
c FIBDAIVFEEELI=L?
c ABDAYYRE L BELD?
— super FUHLOERBKRIE ?




Traits [2003]

BHABRDOA)IEDEFEY
— RRELEH (fields) =GN (RICHTHLIIZEH)
— Require Ak
 Java O abstract A yRIZHH%?

— Traits D F 51X, traits ZH#EE T 5T AHMNHREY
|Zfi%H

» Aliasing

« Exclusion(ff=)LTLEZ




Traits M4

super class trell
Ip Posit class TCircle {

class OS'T'On { require int getR();

ntx.y. int size() {

int getX(): } return getR() * getR() * PI;

}
}
class

class Circle extends Position uses TCircle {

int r;

int getR() { returnr; }

}
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Flattening property

BH—fR& & EAIR
— Class = Superclass + State + Traits + Glue

- State, Traits, Glue ZFIVTATEEFEEDHTES
95155 EEC
— B SlEAL
« Class WAk, Traits DAYYK ., REIZHRIS
AD Ak
o Traits [XR#&H> THREIESL,

— MM EDOBIANTREGHEAETESH?)
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Glue code

* Multiple inheritance

* Mixin
— Glue code [FBEIERM (RAELY),
— Composition [ZFEEMLELY

* Traits
— Glue code [ FEjEd ik
— Z 875 composition A AT EE
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Aspects [late 90's]

c FILWWVED 21— LE#HS

- Bkbl

— Crosscutting concerns (& RIBEILEE)

= {475 module decomposition TlEAF+4%

« ERQLHEDVA—IVICRIFIZRI REI— D EFHET S

— ZNA—FZEVEDDEDVA—IVIZEDBE. TNETEE
FHOTW=RIEa—RFARERLGEBED A —ILIZHESIE-oTLES,

o
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Crosscutting concern

* Is a program hierarchically decomposed?

Implementing

non-functional or functional

concern
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Logging (OOP/delegation)

* Logging code
—scattering in many
classes

—\Who instantiates
Log?

class Car extends Vehicle {
Log log = ...;
void start() {

log.print(“'start Car”);

\
void goback() {

log.print(“Car goes back™);

class Log {

PrintStream output = System.out;
void print(String msg) {
output.printin(msg);
y
)

e )
)
class Bike extends Vehicle{
Log log = ...;

void start() {
log.print(“start Bike");

}

}




Instance-level composition

Ideal?
Real : : "
(hierarchical composition)
Vehicle Log Vehicle Log
ZANIVAN
Car Bike
Bike




2DMDMEEFEE:

» has-a B§1%
—RlA Tz ORELTED
— delegation % ¥

e is-a B{%&
— A—/I\—DY5RELTED
— fE K FI FE

has-a ¢& is-a

class Pos {
int x, y;
int getX() { return this.x; }

}

class Pos3D {

Pos p = new Pos();

int z;

int getX() { return p.getX(); }
}

class Pos3D extends Pos {

int z;

int getX() { return super.getX(); }
}
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Delegation

KYFEERTE has-a
HTEEZMOATOTHIMNEE

— JavaScript @ prototype M EN{E
o BRIV AYYRALS prototype NFAE
— Java THH[EE
 void move(int x, inty) {
delegate.move(x, y);

}

s ZELZEFNICEZONNIL., BERKYIRS
— [FWVAZRDE. TOTS LD EMRICLAER

gl &
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Modular glue code

All in one

Vehicle

Log

Not possible:
Tree separate components




Crosscutting State-Share

* Not useful

— Is-a and Multiple inheritance
* Mixin, traits
— Has-a/part-of

» Delegation?

— Composition (= writing glue code by hand)
IS annoying

— need syntax support like Traits?
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Scattering Glue code

class Car extends Vehicle {
o : ' Log log = ...;
s scatterlng_even if void start() ¢
no crosscutting share. log. print("“start Car”);
— No modularity? y
. o : void goback() {
ertmg glue COde 1S log.print(“Car goes back”);
annoying o ;
class Log { class Bike extends Vehicle{
PrintStream output = System.out; Log log = ...;
void print(String msg) { voidstart{
output.printin(msg); log.print(“start Bike");
y
Y }
}




Logging concern

How a log message is printed Log.print()

— Console, a log file, syslog server, ...

Which messages are in the same log
— Who share the Log object.

When a log message is printed - Glue
code
— start(), goback(), ...

What message is printed
— “Start Car”, “Bike goes back’”, ... ~
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How to compose

 Glue code
—EEI L m(RERTHITR)DIETE
—AVRIVADERL BEDIBE.

— Delegation DIETFE «—  HIEE.BERICHEE
« WEIFHARIEZRDEEH
o« ECAEN
-BETRAIToorONT M ?
— Shared state £ 247k ?
— Mixin, Traits % &
« TNOLEFWATHHITISADH,
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Logging (AOP)

Logging code
—In a single module
— with glue code

aspect Log {

}

“instantiate this once”

“call this print() before every
method invocation”

PrintStream output = System.out;

void print(String msg) {
output.printin(msg);

y

class Car extends Vehicle {

void start() {
|s g_l@ I:'I Ht(“ Sta I:t Ga I:II);
)
void goback() {
o }
)
class Bike extends Vehicle{
void start() {
)
)




Definition of an aspect

* Logging aspect in AspectJ
— Turning logging on/off does not need
source code modification.

aspect Logging issingleton {
PrintStream output = System.out;
before(): execution(* Vehicle+.*(..)){
output.printin(thisPointcut.toString());

¥
}
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Glue code in AOP (1)

ERDIBIC
e Glue code & TAELD AV RERE

— Shared states #4247V Vk ‘/
« DFL aspect DH, Car 42 Bike 75 ADHTII7AELY,

« O—FDOHEF| A
— 58 373 glue code §3& (pointcut E 38
* INZ—URYT
— JERERERIBAID S
* logging, transaction, security, ...

« O—FOBEFAMNTEEIC
— B REAYRORTEIHEE BN E 20




Glue code in AOP (2)

e Glue O—FOBFIAk
- KEMIZHI AN
—Aspect & 2 DIZHE (EARDFIA)

* Abstract aspect D F|FH

« BFIFAMEDOLLY Glue code [& sub-aspect [
— Traits IZITLNS A, BE states [E super aspect [ZH<,
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Logging (AOP+inheritance)

class Car extends Vehicle {

aspect Log { _ 7
PrintStream output = System.out; void start() { )
void print(String msg) { —log-prAtCStart-Car;-

output.printin(msg); y
y
) void goback() {
/\ L)
y

aspect VehicleLog extends Log { class Bike extends Vehicle{

W: . . 17/ 'Ee'g_l'eg_=_;
instantiate this once void start() {

“call this print() before every —ogsratstare Bike
method invocation”

} }}




JE{REEE non-invasive (oblivious)

e Glue code Zz&EAEM

— Shared states #4247V Vk
« DFL aspect DH, Car 42 Bike 75 ADHTII7AELY,

o O—FDRSFMEGHRILME) DR L (?)
— T ARG EEE T TTAT S LFNRER
« Car X° Bike 72X IXZEEL
e Car ©° Bike A7V D ERBETLL

— Car ##i:58 LT EcoCar #ERLT=5.
new Car() % new EcoCar() [CEM T ILELH S,
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BV ADHKTF

e HEF . mixin. traits.
-~ B X: %E77Z

ISR FIZRAERIZADHEEETRIR)

— AT IONERBFIZOTAEZT

o Hham DIEREPLRERIZ{EF

« AOP with non-invasiveness
—HOSADHEFN

X Al

- tBTRIP Z | FTEZRX AL THEFSEHD (TEHEE

— BBV IrYT T DHRRIZ{EF
e Classbox
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Application of AOP

o JastAdd
— AN TL—LT—7% in Java
— Aspect (GEIREERIIZYLER)

« Lexical analyer, parser, code generator M %4k
BREFEEDHT 1 IT7AILIC

« BRIESCEZEFIA

« Java 1.4 MoE5FEER 17T Java 1.5 X
« Java 1.5 H5 ... Aspectd A /\1(5
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Limitations of AOP

» Crosscutting concerns are real.
— not only logging but functional extensions

* Aspectd is not the best.

— Fragile pointcut problem
* Too powerful glue code, no static check

— Interferences between multiple aspects
* No explicit control of composition

— Breaking encapsulation?
* Maintainability is low
* Invasiveness

32



Modularity v.s. JE{REEM4

. JE{REEE (non-invasiveness)
- 2 TOREEI—FZZTEIT1HRRIZH B

« HHEK. IEFEIZ modular?
— JastAdd O HIEE

— Modularity AVLY?
« FTIBMRMNEF TS
— MBI AER — A7 2)LIE DR
« Separate compilation 4~A]
« $5¥ aspect DT %
— R—=AVUrZihiR I DERBIELHSL
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Partial classes of C#

* Non-invasive extension

— A class declaration can be divided into multiple
partial declarations.

public partial class Position { int x; }
public partial class Position { int y; }

— A compiler lexically merges them.
* N0 modular compilation.

« Categories of Objective-C are similar but allow
modular compilation by including header files.
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Open classes [oopsla’00]

 Non-invasive extension

— allows adding a new method to an existing
class.

— Top-level method declarations

public boolean Node.typeCheck() { ... }

* similar to intertype declarations of AspectJ

 Access control
— only non-private methods are accessible.

* Modularly type-checkable

— no top-level method for interfaces
or top-level abstract method 35



Feature-Oriented Programming

 Feature

— Iz T7 DE R DIEE

o EARBBEZ(TDY I DI T7IZWETS feature ZINATH
HDEDIZT HZETHFE
« AHEAD tool

— Program = f(g(h(...k(c)...)))
 f, g, h, ...k: 35 feature BT Ha—FEHEE
e ¢ EARELDA—F (BRI EEH)

-~ O—F B
 JEREE (non-invasive)
* like mixin, open classes, intertype declaration,...
- FEZ4AHE
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Context-Oriented Programming

+ XJYEDEEE
— ¥ F DEITXAR (contexts) TOHHE %N
« 3HFED dynamic scope

aspect A {
class Position { void PosiTionamc?ve(..){
int x. y: \ .. proceed(); ...
void move(int dx, int dy) { )
)
) bar () {
foo(Position p) { igz'(g;n Pz
) p-move(3, 4); deploy(A) { foo(p): }
}




Context-Oriented Programming

« ¥ TFEDEITIAR (contexts) TOHHMAHNE
— JE{Z2EE: non-invasive
o FEXAYYRAEZGSELEFT O HTHR
— HIBRRDA Tz ORDORXBIEL

e asin AOP

— within, cflow pointcut
 conditionally activate an advice
— dynamic deploy

 conditionally activate an aspect "



ED 21— )LEEDEE

O—kET R Z#E S 9 5 glue code MDEE
— Glue code DEERETEEEBNERTERLTET-

O—FOBEFIA (&)

HEAR  ZEHEER  mixin traits
AOP
J—F DRSS O—FOBF A (EK) X
1R 7K JE{R BB HEREL AR
FOP
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